Simulation details
The CG-MD simulations used Langevin equation encoded in Gromacs software package to sample the conformation transition of the protein [1] . The two chains were placed at the center of a 50 nm × 50 nm × 50 nm cubic box. A strong harmonic potential was added if the distance between the center of mass of the two chains is farther than 3 nm corresponding to an effective protein concentration 14.7 mM [2] . The concentrations of histones and histone chaperons in chromatin are very high and the environment is very different from the common systems in vitro, which usually relate to dilute solution. It has been concluded that the binding affinity will be enhanced if the histone and histone chaperon are located at a crowding environment [3] . In silico, binding transitions are accelerated in the concentrated protein solution and the computational time are reduced [4] .
Thermal factor in binding process
In order to see how the temperature influence the thermodynamic and kinetic properties of the system, we simulated 100 long time trajectories at 0.4 ∼ 1.1 T s started from varying dissociative configures with different initial velocities. Each trajectory was performed 20 ns accumulating 2 µs at each temperature to ensure the thermodynamics analysis. Using the Weighted Histogram Analysis Method [5] , we obtained the heat capacity and the thermodynamic properties at different temperatures. From Figure S3 , we defined the transition temperature as T t = 60.3 K at which the heat capacity is at its peak. We chose the temperature T s = 61 K as our thermodynamic simulation temperature, so the equilibrium probabilities of unbound states and bound states are nearly equal.
We calculated the MFPT for binding of the 3 regions in Chz.core at different temperatures for a fixed salt concentration. We observed a typical V-shape binding curve for Chz.core ( Figure S4A ). The probability of the distribution of the two parallel binding pathway slightly changes with the temperature, and has a flat region at 0.6T s ∼ 0.9T s ( Figure S4B ). We calculated the probability for the 3 regions of Chz.core to be the first to recognize the histones as a function of temperature ( Figure S4C ). Interestingly, we found that the probability for the N-terminal helix is the maximum when the MFPT of binding reaches its minimum at a temperature of T = 0.6 T s . In other words, if the N-terminal helix is the first region for the recognition, the rate of the overall binding will be the fastest. We note that previous theoretical calculations show that the MFPT is dependent on thermal instability, kinetic diffusion and local trapping states at varying temperatures [6] . Because the kinetics of N-terminal helix of Chz.core formation is strongly controlled by electrostatic interactions as concluded above, although the temperature changes the binding rate, the electrostatic interactions are the underlying dominant factor for the optimal binding rate.
Combining the trajectories at different temperatures, we obtained the thermodynamic properties of this system as shown by the free energy profile as a function of Q i ( Figure S5A ). As expected, the native basin becomes deeper as temperature decreases, showing that the shape of free energy landscape strongly depends on the temperature. Meanwhile, the stability of the intermediates are strongly affected by the temperature as well. As the temperature decreases, the binding is strongly biased to the bound state and becomes "downhill" on the free energy landscape. Because the barrier for intermediate states transiting to bound states is low, we can approximately consider the binding process as a 2-state reaction for calculating dissociation constant K D , the equilibrium can be described as: 
We calculated the free energy along different Q i , which produces the ratio of the free unbound molecule over the bound complex. Accordingly, we obtained K D at different temperatures ( Figure S5B ). K D decreases exponentially as temperature decreases. The experimentally observed K D is 0.22 µM , suggesting that our thermodynamic simulations are performed at a higher temperature and protein concentration. A high but closed to transition temperature under concentrated protein condition is widely used in thermodynamics simulations for enhancing sampling more transitions between unbound states and bound states to save computational time. As there may be a critical concentration and temperature separating monomer and oligomer configuration phase, we argue that the underlying binding mechanism is not supposed to be qualitatively changed in a range of circumstances [7] . Table S1 . The sequence information of Chz.core-H2A.Z-H2B.
Region
Residue information Figure S1 . Binding φ values along the residue index of Chz.core. There is no residue with φ > 0, indicating that all the residues of Chz.core in transition state are disordered. The color representation for Chz.core: blue, N-helix; green, acidic motif; grey, neutral motif; orange, basic motif; red, C-helix. Figure S3 . Heat capacity C v and the average fraction of native binding contacts Q i as a function of temperature. At the peak of heat capacity curve, the temperature are referred to as binding transition temperature with T t = 60.3 K. The < Q i > shows a monotonic decrease as temperature increases, the absolute value of the decreasing slope gets its maximum at T t . 
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